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Abstract 



We study the differential branching ratio, forward-backward asymmetry, CP-violating asym- 
^ ■ metry, CP-violating asymmetry in the forward-backward asymmetry and polarization asymme- 

. tries in the B K£^i~^ and B —>■ K* £^i~ decays in the context of a CP softly broken two 

Higgs doublet model. We analyze the dependencies of these observables on the model parameters 
t:;}^ ' by paying a special attention to the effects of neutral Higgs boson (NHB) exchanges and possible 

O . CP violating effects. We find that NHB effects are quite significant for both decays. A combined 

analysis of above-mentioned observables seems to be very promising as a testing ground for new 
physics beyond the SM, especially for the existence of the CP-violating phase in the theory. 



1 Introduction 



At the quark level, B —>■ K* t^l^and B —>■ ET^+^^decays (i = e,fi,T) are induced by the 
b — > s transition, which has received considerable attention [p]]-[|l2|], as a potential testing 
ground for the effective Hamiltonian describing the flavor changing neutral current processes in 
cH I B decays. They are also expected to open a window to investigate the new physics prior to any 

possible experimental clue about it. 

It is well known that the inclusive rare decays, although theoretically cleaner than the exclusive 
ones, are more difficult to measure. This fact stimulates the study of the exclusive decays, but 
the situation is contrary then: their experimental study is easy but the theoretical investigation 
is hard. For inclusive semileptonic B-meson decays, the physical observables can be calculated 



in heavy quark effective theory (HQET) |13]; however the description of the exclusive decays 
requires the additional knowledge of decay form factors, i.e., the matrix elements of the effective 
Hamiltonian between the initial B and final meson states. Finding these hadronic transition matrix 
elements is related to the nonperturbative sector of the QCD and should be calculated by means of 
a nonperturbative approach. The form factors for B decays into K and K* have been calculated 
in the framework of different methods, such as chiral theory Jlij], three point QCD sum rules 



method [15], relativistic quark model [16], effective heavy quark theory [|17[], and light cone sum 



rules [18], [19]. 
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From the experimental side, there exist upper limits on the branching ratios of B'^ —>■ K^* ji 
and K^fi^fi^, given by CDF collaboration pC 



BR{B° K°*fi+fi-) < 4.0 X 10"^ 
BR{B+ K+fi+fi~) < 5.2 X 10"^ 

With these measured upper limits and also the recent measurement of the branching ratio of B 
K£+£- with £ = e, //, 

BR{B K£+r) = (0.75l|]J5 ± 0.09) x 10~^ 



at KEK 1 21], the processes B — > {K, K*)i~^l~ have received great interest so that their theoretical 
calculation has been the subject of many investigations in the SM and beyond, such as the SM 
with fourth generation, multi-Higgs doublet models, minimal supersymmetric extension of the 
SM (MSSM) and in a model independent method [^]-||3^]. 

In this paper we will investigate the exclusive B {K, K*)i^i^ decays in a CP softly 
broken two Higgs doublet model, which is called model IV in the literature ||3^]. 

CP violating asymmetry Acp is an important observable that may provide valuable infor- 
mation about the models used. In the SM the source of CP violation is the complex Cabibbo- 
Kobayashi-Maskawa (CKM) matrix elements and due to unitarity of this matrix together with the 
smallness of the term VubV*^, Aqp for B — > {K,K*)l'^£'' decays almost vanishes in the SM. 
However, like many extensions of the SM, model IV predicts a new source of CP violation so that 
we have an opportunity to investigate the physics beyond the SM by analysing the CP violating 
effects. 

In model IV, up-type quarks get masses from Yukawa couplings to the one Higgs doublet H2, 
and down-type quarks and leptons get masses from another Higgs doublet Hi. In such a 2HDM, 
all the parameters in the Higgs potential are real so that it is CP-conserving, but one allows the 
real and imaginary parts of (j)ict)2 to have different self-couplings so that the phase ^, which comes 
from the expectation value of Higgs field, can not be rotated away, which breaks the CP symmetry 
(for details, see ref [|^]). In model IV, interaction vertices of the Higgs bosons and the down-type 
quarks and leptons depend on the CP violating phase ^ and the ratio tan (3 = V2 /f 1 , where vi and 
V2 are the vacuum expectation values of the first and the second Higgs doublet respectively, and 
they are free parameters in the model. The constraints on tan [3 are usually obtained from B — B, 



K — K mixing, h ^ decay width, semileptonic decay h ^ ctv and is given by [40| 



0.7<tan/?<0.52(^^^), (1) 

and the lower bound mfj± > 200 GeV has also been given in pO|]. 

In addition to the CP asymmetry Acp, differential or total branching ratios and the forward- 
backward asymmetries, polarization asymmetries are also thought to play an important role in 
further investigations of the structure of the SM and for establising new physics beyond it. It has 



been pointed out in refs. QlOp and [ pSQ that the longitudinal polarization Pl of the final lepton may 
be accessible in the B {K, K*)t^t~ mode in the near future. It has been shown [ p^ that 
together with Pl, the other two orthogonal components of polarization, Pt and P/v> are crucial 
for the r+T^ mode since these three components contain the independent, but complementary 
information because they involve different combinations of Wilson coefficients in addition to the 
fact that they are proportional to rrii/mi,. Lepton polarizations in i? ^ K{K*)£^£~ decays 
are analyzed in the model II version of the 2HDM and in a general model independent way in 



refs. [pop ([B3]) and [41] ([42]), respectively. Ref.[43] gives an analysis of the lepton polarization 



asymmetries in the processes B — > {K, K*)v£ in a supersymmetric context. 
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As pointed out before, (see f.eg.[44|-|48]), in models with two Higgs doublets, like MSSM, 
2HDM, etc., neutral Higgs boson (NHB) effects could contribute largely to the semileptonic rare 
B meson decays, especially for heavy lepton modes and for large tan /3. However, in the lit- 
erature there was a disagreement about the results of NHB exchange diagrams contributing to 
b s £+^^transition in the context of the 2HDM [46, £7|. This situation seems to be resolved 
now ||7|, ||], and in view of new forms of the Wilson coefficients Cq^ and Cq^ due to NHB 
effects, it is quite worthwhile to return to the exclusive processes B {K, K*)t^t^ in order to 
investigate the NHB effects together with the CP violating effects in model IV. 

The paper is organized as follows: In Sec. ^, after we give the effective Hamiltonian and the 
definitions of the form factors, we introduce basic formulas of observables. Sec. ^ is devoted to 
the numerical analysis and discussion of our results. 



2 Effective Hamiltonian and form factors 

At the quark level, the effective Hamiltonian describing the rare semileptonic 6 — > s ^"'"^"transition 
can be obtained by integrating out the top quark, Higgs bosons and W^, Z bosons: 

10 10 

Tieff = ^W,(^Q(/x)0,(;U) +^Cq,(/.)Q,(^)) , (2) 
V-^ i=l i=i 

where Oj are current-current (i = 1,2), penguin {i = 1, .., 6), magnetic penguin (i = 7, 8) and 
semileptonic (i = 9, 10) operators and Cj(/x) are the corresponding Wilson coefficients renor- 



malized at the scale /i [ p(]| , 51]. The additional operators Qi,{i = 1, .., 10) and their Wilson 
coefficients are due to the NHB exchange diagrams, which can be found in [||,|^,^. 

Neglecting the mass of the s quark, the above Hamiltonian leads to the following matrix 
element: 

M = ^yifcy;,|c9^^^s7^(l-75)6^V^ + Cio ^7,^(1 -75)&^V75^ 

(3) 

where q is the momentum transfer. Here, Wilson coefficient Cg-^-^ (fi) contains a perturbative part 
and a part coming from long-distance effects due to conversion of the real cc into lepton pair 

£+£-: 



C'/^ifx) = Cr'if-i) + Yresonis) , (4) 



where 



+ hiz, s)[3Ci(/x) + C2{fx) + 3C3{^l) + C^ifi) + SC^ifi) + C6(/x)] 

- h{l, s) {iCsifi) + 4C74(/i) + 3C5(m) + Ceifi)) 

- ^/i(0,s)[C3(^) + 3C4(M)] (5) 
+ ^(3C3(^) + C4(m)+3C5(^) + C6(m)) , 
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and z = mc/mf,. The functions h{z, s) arises from the one loop contributions of the four quark 
operators Oi,...,Oe and their explicit forms can be found in [jSl]]. It is possible to parametrize 
the resonance cc contribution Yreson{s) in Eq.(Q) using a Breit-Wigner shape with normalizations 
fixed by data which is given by 



J-rescm\i>J — 2 2 i • -n 

«em \/^, ^^B - '^V, + imViVVi 

X [(3Ci(^) + C2{^l) + 3^3 (^) + C4(/i) + 3^5 (/U) + C6(^))] . (6) 

The phenomenological parameter k, in Eq. @ is taken as 2.3 so as to reproduce the correct value 
of the branching ratio BR{B ^ J/'ipX ^ XU) = BR{B J/i; X)BR{J/i! XU). 

Next we proceed to calculate the differential branching ratio dBR/ds, forward-backward 
asymmetry ApB, CP violating asymmetry Acp, CP asymmetry in the forward-backward asym- 
metry Acp{Apb) and finally the lepton polarization asymmetries of the B —>■ Ki^l^wA 
B K* £+^~decays. In order to find these physically measurable quantities at hadronic level, 
the necessary matrix elements are < M(pM)|s7/i(l — lb)^B{pB) >, < M{pm)\ (1 + 

^^)b\B{pB) > and < M(pm)|s(1 + 75)6|-B(p_b) > for M = ET, i^*, which can be parametrized 



in terms of form factors. Using the parametrization of the form factors as in [ pOfl and [[32|], we find 



the amplitudes governing the B ^ K t^l and the B — > K* i~^£ decays as follows: 

(7) 

and 



M^^^' = ^^VtbVt*s^ij^i[2Ae^uXae'"'PK*p'h + ^Be; - iC{pB + PK')^{e*q) - tD{e*q)q^] 
+ h^,id[2Ee^,Xae*''p'k,p'h + iFe^ - iG{e*q){pB +Pk*)- iH{e*q)q^] + iUQ{e*q) 
+ ihdN{e*q)\ (8) 



where 



Ai = Clfff+-2mBC',ff ^ , 

rriB + rriK 

Bi = cffif^+n+2c^/f^fp ^<-f-''\ 

q^ mB+rriK 

Gi = Cio/'*', 

Di = Cio(/+ + r), 

El = CQ,^^[{ml-ml)f+ + rq% 
Fi = CQ,^[{ml-ml)f+ + rq% 

A = clff + 4^c,^^^ri, 

mB+rriK* q 
B = {mB + mK*)(cl"A, + ^{mB-mK^)Cf^T2\ 
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mB+ TTiK* q \ rriQ—mj^, I 

E = Cio ^ , (9) 

F = CioiniB + mK*)Ai, 
G = C 
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TUB + rriK* 

2 



H = 2C7io^(^3-^o 



nib 

N = 2Cq,^Ao. 

nib 

Here /+, and fx and Aq, A\, A2, A3, V, Ti, T2 and are the relevant form factors in 
B K and B —>■ K* transitions, respectively. For B K, we use the results calculated in the 
light cone QCD sum rules framework, which can be written in the following pole forms 



0.29 



23.7^ 
0.21 



1 



24.3 



Mq') = -T^^, (10) 

H) 

As for the B — > K* transition, we use the result of [|l^], where dependence of the form factors 
can be represented in terms of three parameters as given by 

ne)^ ^^V^- 

where the values of parameters -F(O), ap and bp for the B —>■ K* decay are listed in Table 1. The 
form factors ^0 and ^3 in Eq. @ can be found from the following parametrization. 



niK^rrib 



A, = -'B + m^,^^_mB-m^,^^_ ^^^^ 
2niK* 2niK* 

Using Eqs. (Q) and (§) and performing summation over final lepton polarization, we get for 
the double differential decay rates: 



'2rB~*K 



ds dz 



2ii7r5 



m|A(l 



^V)|^i|2 + s(r;' 



F^ 
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m 


(If 


I'F 




0.34 ±0.05 


0.60 


-0.023 




0.28 ±0.04 


1.18 


0.281 


yB^K' 


0.46 ±0.07 


1.55 


0.575 


rpB^K* 


0.19 ±0.03 


1.59 


0.615 


rpB-*K* 


0.19 ±0.03 


0.49 


-0.241 


rpB^K* 

-'-3 


0.13 ±0.02 


1.20 


0.098 



Table I: B ^ K* transition form factors in ligt cone QCD sum rules 



± {mlX{l - z'^v'^) + 16 r mj) \Gif + A s mj 

± 4 (1 - r - s) Re[GiDl] +2vme^/Xz Re[AiE*] 



(12) 



and 

ds dz 



+ 
+ 



^^^1 VX . |4 . A.(2 + v\z^ - l))\A\^ 
Av'^s m%K{l + z'^)\E\'^ ± 16 m| s V z^fK[Re[BE*] + Re[AF*ij 
[K{1 - z'^v^) + 2r,s(5 - 2v'^)]\B\^ + m%\l{l - z\'^)\C\^ 



+ [A*(l - z\'^) - 2r*s(l - 4i;2)]|F|2 + m%K[{-l + r^f{l - v'^)z'^ 

+ (-1 + z^){sf - 8(1 ± n)f - A*)]|Gp ± 2m|A,W*(l - z\'^)Re[BC*] 

- 2m|A*[W*(l - z^v^) - At'^]Re[FG*] + mlX^(Asme{me\Hf + Re[HN*]) 

+ s{\Nf + v'^lQf) - At{Re[F{2tH* + N* /niB)] 

+ 4{1 - n)meRe[Gi2meH* + N*) 

+ 4tmBVz'^Re[{W^B + ml{W^ -Aus)C)Q*] }■ . (13) 



Here s = q^/m%, r(^) = m|.(^.)/m|, v = = nii/mB, X(*) = r^^) + (s - if - 

2r(^,)(s + 1), = — 1 + rj-^-j + s and z = cos 9, where 9 is the angle between the three- 

momentum of the £^ lepton and that of the B-meson in the center of mass frame of the dileptons 
£+£-. 

Having established the double differential decay rates, let us now consider the forward-backward 
asymmetry 74i?B of the lepton pair, which is defined as 



Afb{s) 



fi dz^ - r° dz^ 
fi dz^ + r° dz^ 

Jo "-^dsdz ^ J-1 ^^dsdz 



(14) 
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The ApB^s for the B Ki+e-and B ^ K* l+l' decays, are calculated to be 



aB^K 
^FB 



j ds {tv'^\Re{AiEl)) I j dsvVXA, (15) 



aB^K* 
^FB 



ds 2m%Xy (AmBs{Re[B E*] + Re[A F*]) 
+ ^[W^Re[B Q*]+mlX,Re[C Q*]]) / j ds^, v A,. 



(16) 



We note that in the SM, ApB B ^ K ^+^^decay is zero because of the fact that hadronic 
current for B ^ K transition does not have any axial counterpart. As seen from Eq.(|T5]), it is 
also zero in model IV unless we do not take into effect the NHB exchanges. Therefore, B —>■ 
K decay may be a good candidate for testing the existence and the importance of NHB 
effects. 

In this work, we also analyse the CP violating asymmetry Aqp, which is defined as 



Aci 



dT/ds{B M£+i-) - dT/ds[B M£+t 



(17) 



dT/ds{B M£+e-) + dT/ds{B Mi+£-) 

where M = K, K* and dT /ds are the corresponding differential decay rates, which are obtained 
by integrating the expressions in Eqs. (p^) and ([13]) over the angle variable 



ds 



(18) 



where 



= \ml A(3 - v^){\A,\^ + + M(12r . + X)\G,\^ 

6 6s 

+ Amjs \Di\^ + s{v'^\Ei\^ + + 4 m|(l - r - s)Re[Gi Dl] 

+ 2 m^((l - r - s)Re[Gi F^] + sRe[Di F^]) , 



and 

where 

A* = 



dV 



B^K* 



ds 



a^GpUiB 



(19) 



(20) 



-A,m|s((3 - v'^)\A\'^ + 2v'^\E\'^) - -Km^mpReHF - m|(l - r,)G - m\sH)N* 
3 r 



1 



sv^\Q\'^ + ^A,m|(3 - i;2)|C|2 + sjiVp + mls^{l - v'^)\H\'^ 



+ o [(3 - W"* - 3 s(l - v'^)]Re[F G*] - 2 s (1 - v^)Re[F H* 



+ 2m|s(l - r,)(l - v'^)Re[G H*] + -(3 - v^)W^Re[B C*] 

3 



+ 



3r* 



ml 



(A* + 12r,s)(3 - v^)\B\'^ + A*m|[A,(3 - v 



3s(s - 2r, - 2)(1 - v')]\G\'' + (A,(3 - v') + 2ir,sv'^)\F^^ 



(21) 
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We would also like to present the CP asymmetry in the forward-backward asymmetry Acp{Apb)< 
which is another observable that can give information about the physics beyond the SM. It is de- 
fined as 

where Ai^B is the CP conjugate of ApB- 

Finally, we would like to discuss the lepton polarization efifects for the B K t^t'wdi 
B K* ^+£~decays. The polarization asymmetries of the final lepton is defined as 

p.. ^ {dr{Sn)/ds) - {dT{-Sn)/ds) 

' {dr{Sn)/ds) + {dT{-Sn)/ds) ^ ^ 

for n = L, N, T. Here, Pp, Pt and P/v are the longitudinal, transversal and normal polarizations, 
respectively. The unit vectors Sn are defined as follows: 

Sl = (0,^l)= (0, ^+ ^ 



\P+\ 



\ \p X p^\J 

St = (0, tr) = (o, e^jv x , (24) 

where = J^k^I^k* and "j/,^ are the three-momenta of K,K* and respectively. The 
longitudinal unit vector Sl is boosted to the CM frame of i~^£~ by Lorentz transformation: 

5.,CM=f^,^y (25) 

It follows from the definition of unit vectors 5*^ that Pt lies in the decay plane while Pjv is 
perpendicular to it, and they are not changed by the boost. 

After some algebra, we obtain the following expressions for the polarization components of 
the £+ lepton in S ^ K£+i-md B ^ K* ^+£-decays: 

Pf = 1- - 2mBXRe[Ai G^] - 6t{l - r - s)Re[Gi E^] - 6stRe[Di E^] 

+ 3sRe[Ei Pi*] ) , 



pB^K ^ !!^^^^( -2mB(l-r-s)tRe[AiGl]-2mBstRe[AiDl] 

+ (s - 4t^)Re[Gi El] + sRe[Ai F^]j , 
pB-.K ^ mlnW^ hniBtlmlGi Dl] - Im[Ai E^ - Im[Gi F^U , (26) 



and 



pB^K' ^ ^!I^(x^mBtRe[{-F + ml{l-r,)G + mlsH)Q*] 



+ ^Xm%r^sRe[A E*] - ^Re[B (Am|(l - - s)G* - (A + 12r*s)F*) 
+ C (Am|(l - r, - s)F* - AV|jG*)] + ^Km%sRe[Q N*]j , 

pB^K* ^ ^I^hl^[srnlr,stRe[AB*]-rnlt{l-r,)[{l-r,-s)Re[BG*] 

- Km\Re[C G*]] - Km\tRe[F C*] - ]^mBsRe[{B{l - r, - s) - Km\C)N*] 
+ Km%stRe[C H*] + ^smBV^Re[{F{l - - s) - A,m|G) Q*] 

- t{l - - s)Re[{mlsH - F)B*]j , 

P§^^* = ^^b'^^ [AniBtr^ Im[B E* + A F*] + ]-X^m\lm[-2mBtH*G 

- G N* + C Q*] - {I + 2,r^ - s)mBtIm[G F*] 

- {l-r^- s)Im[mBtH F* -]^N F* + ]^Q B*]^. 

3 Numerical results and discussion 

In this section we present the numerical analysis of the exclusive decays B —>■ K l^i^and B —>■ 
K* i^i^in model IV. We will give the results for only i = t channel, which demonstrates the 
NHB effects more manifestly. The input parameters we used in this analysis are as follows: 

mK = 0.493 GeV , thb = 5.28 GeV , mb = 4.8 GeV , = 1.4 GeV , = 1.77 GeV , 
rriK* = 0.893 GeV , mH± = 250 GeV , mj^o = 125 GeV , m/,o = 100 GeV 

\VtbVt*\=OM, a"^ = 129, Gf = 1.17 X 10"^ TB = 1.64 X 10-12 5. (27) 

The masses of the charged and neutral Higgs bosons, mu±, 171^0, rrij^o and mj.fi, and the ratio 
of the vacuum expectation values of the two Higgs doublets, tan [5, remain as free parameters of 
the model. The restrictions on mu± , and tan (3 have been already discussed in section |l|. For the 
masses of the neutral Higgs bosons, the lower limits are given as m^^o > 115 GeV, rrif^a > 89.9 
GeV and m^o > 90.1 GeV in [jS^. 

Before we present our results, a small note about the calculations of the long-distance effects 
is in order. There are five possible resonances in the cc system that can contribute to the decays 
under consideration and to calculate them, we need to divide the integration region for s into two 
parts so that we have 

4mj/m% < s < (m^2 - 0.02)2/m| , {m^^ + 0.02)2/m| < s < (ttib - mM)'^/m% > (28) 

where = 3.686 GeV is the mass of the second resonance, and M = K, K* . 

In the following, we give results of our calculations about the dependencies of the differen- 
tial branching ratio dBR/ds, forward-backward asymmetry Afb{s), CP violating asymmetry 
Acp{s), CP asymmetry in the forward-backward asymmetry Acp{Afb){s) and finally the com- 
ponents of the lepton polarization asymmetries, -Pl(s), Pt{s) and P/v(s), of the B — > Kt^t^ 
and B —>■ K*t^t~ decays on the invariant dilepton mass s. In order to investigate the depen- 
dencies of the above physical quantities on the model parameters, namely CP violating phase 
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^ and tan /3, we eliminate the other parameter s by performing the s integrations over the al- 
lowed kinematical region (Eq.(28)) so as to obtain their averaged values, < ApB >, < ^CP >> 

< Acp{Afb) >, < Pl >, < Pt > and < Pn >■ 

Numerical results are shown in Figs. ([l|)-(|26|) and we have the following line conventions: 
dot lines, dashed-dot lines and solid lines represent the model IV contributions with tan/? = 
10, 30, 50, respectively and the dashed lines are for the SM predictions. The cases of switching off 
NHB contributions i.e., setting Cq^ = 0, almost coincide with the cases of 2HDM contributions 
with tan /? = 10, therefore we did not plot them seperately. 

In Fig.([T]), we give the dependence of the dBR/ds on s for i? ^ K t~^t~. From this figure 
NHB effects are very obviously seen, especially in the high-s region. 

In Fig. and Fig. (^), Afb{s) and < ApB > of B Kt^t^sls a function of s and 
CP violating phase ^ are presented. Since ApB arises in the 2HDM only when NHB effects 
are taken into account, it provides a good probe to test these effects. We see that ApB is quite 
sensitive to tan /? and it is negative for all values of ^ and s except in the ip' region. < ApB > in 
B ^ K T+r~is between (—0.04, —0.01), which is non zero but hard to observe. 

Fig. and Fig. show the dependence of Acp{s) on s and < Acp > on ^ for B — > 
K T"'"r~decay . We see that Acp{s) is quite sensitive to tan (3 and its sign does not change in the 
allowed values of s except in the resonance mass region of ifj' when tan /? = 50. It follows from 
Fig. (||) that < Acp > is also sensitive to ^, and it varies in the range (—0.8, 0.8) x 10~^, which 
may provide an indication for the existence of new physics since Acp is zero in the SM. 

Acp{Apb){s) and < Acp{Apb) > of B K £^£~a.s a function of s and CP violating 
phase ^ are presented in Fig. ^ and Fig. (^), respectively. We note that in both of these figures, 
predictions for the different values of tan/3 completely coincide which indicates that Acp{Apb) 
is not sensitive to this parameter in B ^ r+r^decay. As seen from Fig. (^), < Acp{Apb) > 
strongly depends on CP violating phase ^ and it can reach about 6% for some values of ^. 

In Figs. (|8l)-([T0|), we present the s dependence of the longitudinal Pp, transverse Pp and 
normal P/v polarizations of the final lepton for B i^r+r^decay. We see that except the tp' 
region, P/v is negative for all values of s, but Pp and Pp change sign with the different choices 
of the values of tan/3. The effects of NHB exchanges are also very obvious. In Figs. (11))-(13), 
dependence of the averaged values of the longitudinal < Pp >, transverse < Pp > and normal 

< Pn > polarizations of the final lepton for B — > K decay on ^ are shown. It is obvious 
from these figures that < Pp > {< P/v >) is weakly (strongly) sensitive to ^ while < P^ > is 
totaly insensitive to ^. We also note that < P/v > is zero in the SM and it is at the order of 1% 
in model IV for tan /3 = 30. Thus, measurement of this component in future experiments may 
provide information about the model IV parameters. 

Figs. ([l4l) -(26) are devoted to the B K* r+r^decay. In Fig.([U), dependence of the 
dBR/ds on s is given. We see that dBR/ds of this process is not as sensitive to the effects of 
NHB exchanges as P ^ A'r+r^decay and these effects begin to be significant when tan/3 > 
40. 

In Fig. (|T5|) and Fig. @, Apb{s) and < App > of B ^ K* a function of s and 

CP violating phase ^ are presented. As in P — > r+r" decay, App here is also quite sensitive 
to tan P, and its magnitude gets smaller than the SM prediction with the increasing values of 
tan /3. As seen from Fig. ([l6|), < App > in B ^ K* i'^i^is of the order of 10% and strongly 
dependent on ^, especially when tan f3 = 50. 

Fig. (p^ and Fig. (|T^ show the dependence of Acp{s) on s and < Acp > on ^ for 
B — > ET* T"'"r~decay. We see that Acp{s) is quite sensitive to tan/3 and ^ and it does not 
change sign in the allowed values of s. It follows from Fig. (18) that < Acp > is of the order of 
0.1% and hard to observe. 

Acp{Apb){s) and < Acp{Apb) > of B ^ K* r+r^as a function of s and CP violating 
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phase ^ are presented in Fig. (19) and Fig. (POt), respectively. We see that Acp{Apb) comes 
mainly from exchanging NHBs and its magnitude can reach 0.3 exhibiting a strong dependence 
on the CP-violating phase ^. 

In Figs. (pT|)-(p3|), we present the s dependence of the longitudinal P^, transverse Pt and 
normal P^ polarizations of the final lepton for B K* r+r^decay. We see that NHB exchanges 
modify the spectrums of Pt and P/v greatly while its effect is relatively weak for Pp. We also 
observe that except the region, Pp is negative for all values of s, but Pt and P/v change sign 



with the different choices of the values of tan (3. In Figs. (|24])-([26|), dependence of the averaged 
values of the longitudinal < Pt >, transverse < Pt > and normal < P/v > polarizations of 
the final lepton for B K* t^l~ Atcny on ^ are depicted. It is obvious from these figures that 
< Pt >, < Pt > and < Pat > in model IV are larger as absolute values than the corresponding 
SM predictions. Sensitivity of these observables to the parameter ^ is significant when tan /3 is 
not smaller than 30. 

We now summarize our results: 

• We observe an enhancement in the differential branching ratio for both B —^ Kr+r^ and 
B K* T+r^processes in model IV compared to the SM when the NHB effects are taken 
into account. The NHB effects are more manifest in i? ^ A'r+r^decay with respect to 
B ^ K* T+r^decay. 

• ApB comes only from NHB contributions in — > Kt~^t~ , and its average is between 
(—0.04, —0.01), which is non zero but hard to observe. However for B — > K* T+r~decay, 
it is of the order of 10%, which should be within the luminosity reach of coming B factories. 

• < Acp > is between (-0.8,0.8) x 10"^ ^nd (-0.3,0.3) x 10"^ in ^ ^ Kr+r"and 
B — > K* r+T^decays, respectively. Since Acp for these decays is practically zero in the 
SM, a nonzero value measured in future experiments for Acp will be a definite indication 
of the existence of new physics. 

• Acp{Apb) is at the order of 1% for B — > T"'"r~decay and it is very sensitive to the 
CP violating phase ^, but not to tan /3. As for B — > K* r+T~decay, it comes mainly from 
exchanging NHBs, and can be as large as 30% for some values of ^. 

• Model IV contributions modify the spectrums of Pp, Pp and Pat greatly compared to the 
SM case for both decays. These quantities are sensitive to the NHB effect and also the CP 
violating phase ^, except the Pt component for P — > K T"'"r~decay. 

Therefore, the experimental investigation of App, Acp, AcpiApp) and the polarization 
components in P ^ K l^l^nnA B —>■ K* ^+£~decays may be quite suitable for testing the new 
physics effects beyond the SM. 
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Figure 1: The dependence of the dBR/ds on s for _B ^ Kt^t~ decay. Here dot lines, dashed-dot 
lines and solid lines represent the model IV contributions with tan/3 = 10, 30, 50, respectively and 
the dashed lines are for the SM predictions. 




s 



Figure 2: The dependence of Afb{s){B Kt^t^) on s. Here dot lines, dashed-dot lines and solid 
lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed lines 
are for the SM predictions. 
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Figure 3: The dependence of < Aps > {B ^ Kt^t^) on ^. Here dot lines, dashed-dot lines and 
solid lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed 
lines are for the SM predictions. 




Figure 4: The same as Fig.(g), but for Acp{s){B Kt^t ). 




Figure 5: The same as Fig.(|3|), but for < Acp > (B ^ Kt^t ). 
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Figure 6: The same as Fig.(0), but for Acp{Afb){s){B Kt^t~ 
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Figure 7: The same as Fig.(g), but for < Acp{Afb) > {B ^ Kt+', 
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Figure 8: The dependence of Pl(s)(B Kt^t~) on s. Here dot lines, dashed-dot lines and solid 
lines represent the model IV contributions with tan /? = 10, 30, 50, respectively and the dashed lines 
are for the SM predictions. 
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Figure 10: The same as Fig.(U), but for P]^{s){B Kr^ 
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Figure 11: The dependence of < Pl > {B ^ Kt^t~) on ^. Here dot lines, dashed-dot lines and 
solid lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed 
lines are for the SM predictions. 
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Figure 12: The same as Fig.([TT|), but for < Pt > (B ^ Kt^t' 
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Figure 13: The same as Fig. ([11]), but for < > (B ^ Kt^t 




Figure 14: The dependence of the dBR/ds on s for i? — > K*t^t~ decay. Here dot lines, dashed-dot 
lines and solid lines represent the model IV contributions with tan/3 = 10, 30, 50, respectively and 
the dashed lines are for the SM predictions. 
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Figure 15: The dependence of AFBis){B K*t^t^) on s. Here dot lines, dashed-dot lines and 
solid lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed 
lines are for the SM predictions. 
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Figure 16: The dependence of < ApB > {B ^ K*t^t~) on ^. Here dot lines, dashed-dot lines and 
solid lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed 
lines are for the SM predictions. 




Figure 17: The same as Fig.(|T5|), but for Acpis){B K*t^ 
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Figure 18: The same as Fig.(|g), but for < Acp > {B ^ K*t+t-) 




Figure 19: The same as Fig.([T5|), but for AcpiAFB)is)iB ^ K*t+t 




Figure 20: The same as Fig.(|g), but for < AcpiApB) > (B K*t^ 
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Figure 21: The dependence of Pl{s){B K*t^t~) on s. Here dot lines, dashed-dot lines and solid 
lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed lines 
are for the SM predictions. 
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Figure 22: The same as Fig.(p]), but for Pt{s){B K*t^t 
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Figure 24: The dependence of < > (5 — iC*r+r^) on ^. Here dot lines, dashed-dot lines and 
solid lines represent the model IV contributions with tan (3 = 10, 30, 50, respectively and the dashed 
lines are for the SM predictions. 




Figure 25: The same as Fig.(||), but for < Pt > {B ^ K*t+t-). 
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